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morphologic segmentation (devals at 9ø28'N and 9ø35'N) corresponds to segmentation in crustal velocity structure, leading Toomey et al. [1990] to suggest that small-scale segmentation of the EPR is magmatically controlled. Toomey et al. [1990] identify morphologic segmentation of linear EPR volcanoes [Lonsdale, 1985] Indeed, in this paper we show that petrologically, the EPR between 9ø20'N and 9ø54'N (~ 63 km) is petrologically rather uniform. With the exception of an enriched mid-ocean ridge basalt (E-MORB) at 9ø35.7'N, all the axial lavas are N-MORB and appear to be related to a single parental composition. Further, magma temperature or MgO content varies regularly along axis and is crudely correlated with topographic variation. These observations provide clues about shallow processes of magma transport, storage and eruption discussed later. Table 1 •' denotes off-axis dredges. lavas have more abundant phenocrysts and corroded megacrysts of olivine, plagioclase, and clinopyroxene (up to 7% total). In contrast, north of this boundary up to the Clipperton transform, the EPR axis lavas are more sparsely phyric (< 3%) and contain almost exclusively plagioclase phenocrysts and micro phenocrysts. Many also contain microlites and tiny (up to 60 I. tm, most < 30 I. tm) skeletal microphenocrysts of olivine. Between 9ø21N and 9ø25'N the lavas contain both sparse plagioclase and olivine phenocrysts. The olivine phenocrysts are up to 200 Ixm long but are greatly subordinate to plagioclase up to 3 mm in length. A single sample (R41-2) contains cpx crystals in glass. These are anhedral to subhedral, exhibit sector zoning and do not resemble typical phenocrysts. Instead, they resemble cpx grains which commonly occur in the more crystalline portions of the lavas as glomerophyric clusters with plagioclase.
RESULTS

Dredges
Overall, the samples exhibit mineralogic and textural features typical of EPR N-MORB elsewhere along the axis [e.g., Batiza et al., 1977; Natland, 1980a] . One exception is the absence of spinel commonly found in high-MgO EPR lavas [Natland, 1989] . Another is the paucity of vesicles decorated Olivine microphenocrysts and microlites are virtually unzoned (Table 2) The size distribution of plagioclase phenocrysts and microphenocrysts in the samples is interesting (Figure 6 ). We employ the crystal size distribution (CSD) technique of Marsh Table 4 Trace element data by instrumentation neutron activation analysis (INAA) for selected glasses are given in Table 5 . These also show limited variation which can be explained almost entirely by fractional crystallization as discussed later. Table 4 notes). The E-MORB (R54) is labeled on some of the plots. 
Along-Axis Chemical
INTERPRETATION AND DISCUSSIONS
Petrogenesis of N-MORB
Data presented earlier suggest that the 9ø30'N N-MORB suite may be related by fractional crystallization, so we have quantitatively modeled this process. Several hundred models were tested [Bryan, 1986] , which essentially tested the derivation of each lower-MgO liquid from each higher-MgO liquid (group means). All models considered yield very good fits (residual < 0.1) using reasonable phenocryst assemblages. Figure 13 (and Table 6 ) showing that the most fractionated liquids can be derived successively by fractional crystallization of the more MgO-rich melts. We emphasize that all the N-MORB melts in the 9ø30'N area can be related in this manner, not only those shown in Figure 13. A summary of the calculated models is shown in Figure 14 In order to test this notion further, we have carefully evaluated mixing models using both major and trace element data. In general, the fits of mixing models to the data are no better, and in many cases are much worse, than the fractionation models. We thus cannot preclude limited mixing, however fractional crystallization is apparently the dominant (Table 6 ). Additional models tested connect all the group means and consistently yield good fits for reasonable solid assemblages. 
A series of representative fractionation models is illustrated in
Along-Axis Chemical Variation
We now return to consider the possible causes for alongaxis chemical variation within the 9ø30'N area. We wish to explain not only the along-axis variation (Figure 11 ) but also the observed scatter that is superimposed (Figure 10 ). Evidently, both effects are the result of shallow-level fractional crystallization which occurred principally in the AMC melt zone, not the surrounding zone of mush. This assumes, of course, that the lavas we sampled were erupted from an AMC of roughly the same depth, extent and geometry as presently B^• aND Nro: EPR PETROLOGY AT 9ø30'N observed. We first consider the along axis chemical variation which correlates roughly with variations in AMC depth and topography (Figures 1, 10 and 11) . If the AMC occupies a level of neutral buoyancy along axis, which seems very likely [Ryan, 1987] , then simple extreme possibilities are (1) that the crustal lid has along-axis differences in density structure (and the melt has constant density) or (2) that the melt varies in density and composition (and the lid has a constant density gradient with depth) as shown in Figure 20 . For these cases, if the axial basalts were erupted from a chamber of the present depth configuration, the along-axis chemical differences arise either because the AMC is chemically zoned along axis, or because the extent of fractionation is proportional to the lid thickness. The latter is reasonable since the amount of cooling that the melt will undergo in dikes is proportional to the distance between the top of the AMC and the surface for constant ascent rate. However, crystallization accompanies cooling, and we already have argued that it is unlikely for melt-crystal fractionation to occur in dikes.
The evidence thus seems to favor a laterally zoned magma chamber. Other more complex scenarios are also possible, of course. However, if the assumption that the axial basalts erupted from an AMC of the present extent and depth is correct, a laterally zoned chamber is the simplest interpretation. If so, then the age of the N-MORBs (-2700-3000 years [Volpe and Goldstein, 1990] ) implies an AMC which is in steady state on the time scale of ---3000 years. Figure 21 shows the scenario we favor on the basis of data and arguments presented above. Eruptions from a zoned chamber could also explain small scale topographic changes, as the least dense melts (Figure 12 
